Background: Nivolumab improved overall survival (OS) and objective response rate (ORR) versus everolimus in previously treated patients with advanced renal cell carcinoma in the phase III CheckMate 025 study (minimum follow-up: 14 months). We report efficacy and safety in the global and Japanese populations (minimum follow-up: 26 months). Methods: Patients were randomized 1:1 to receive nivolumab 3 mg/kg intravenously every 2 weeks or everolimus 10-mg tablet orally once daily. Primary endpoint: OS, key secondary endpoints: ORR, progression-free survival and safety. Results: Of 410 (nivolumab) and 411 (everolimus) patients, 37 (9%) and 26 (6%), respectively, were Japanese. Median OS for the global population was 26.0 months (nivolumab) and 19.7 months (everolimus; hazard ratio 0.73 [95% confidence interval [CI]: 0.61-0.88]; P = 0.0006), with medians not reached for Japanese patients. ORR for the global population was 26% (nivolumab) versus 5% (everolimus; odds ratio 6.13; 95% CI: 3.77-9.95); ORR for Japanese patients: 43% versus 8% (odds ratio 9.14; 95% CI: 1.76-88.33). In Japanese patients, any-grade treatment-related adverse events (AEs) occurred in 78% 19%; most common, anemia [5%]) treated with nivolumab and 100% (Grade 3-4, 58%; most common, hypertriglyceridemia [12%]) treated with everolimus; the
Introduction
In 2015, there were six targeted therapies approved in Japan for treatment of advanced renal cell carcinoma (aRCC), including the tyrosine kinase inhibitors (TKIs) sorafenib, sunitinib, axitinib and pazopanib, and the mammalian target of rapamycin (mTOR) inhibitors everolimus and temsirolimus (1) . In 2016, the seventh targeted therapy, the programmed death-1 (PD-1) immune checkpoint inhibitor nivolumab, was approved in Japan for patients with previously treated unresectable or metastatic RCC based on results from the international Phase III CheckMate 025 study (2) . In that report, nivolumab improved overall survival (OS) and objective response rate (ORR) versus everolimus in previously treated patients with aRCC (2) . Median OS was 25.0 months (95% confidence interval [CI], 21.8-not reached) for nivolumab versus 19.6 months (95% CI: 17.6-23.1) for everolimus, with a minimum follow-up of 14 months; ORR was 25% for nivolumab and 5% for everolimus (odds ratio, 5.98 [95% CI: 3.68-9.72]; P < 0.001) (2) . Nivolumab was associated with fewer Grade 3 or 4 treatment-related adverse events (AEs) and fewer treatment-related AEs leading to discontinuation than was everolimus (2) .
Observed differences in efficacy and safety of therapies for aRCC in Asian patients may be the result of environmental and/or genetic differences that necessitate specific investigation of agents in this population (3) (4) (5) (6) . Additionally, treatment patterns in Asian countries differ from those in Western countries; for example, cytokine therapy is still widely used for first-line treatment in Japan (6, 7) . These different treatment patterns potentially add a confounding factor in clinical trials of second-line agents. Here, we present efficacy and safety data from the global population as well as the Japanese subgroup of patients treated with nivolumab or everolimus from CheckMate 025, with a minimum follow-up of at least 26 months.
Patients and methods

Study design and treatment
This was a Phase III, randomized open-label study of nivolumab versus everolimus. The detailed study design was described previously (2) . Patients were randomized 1:1 to receive nivolumab 3 mg/kg intravenously over 60 min every 2 weeks or everolimus 10-mg tablet orally once daily. Randomization was stratified according to region (United States or Canada, Western Europe and the rest of the world), Memorial Sloan Kettering Cancer Center prognostic risk group and number of prior anti-angiogenic therapies (one or two) for aRCC. Japanese patients were included as part of the 'rest of the world' stratification group.
Patients
Adults with histological confirmation of aRCC with a clear-cell component were eligible. Patients had to have received one or two prior anti-angiogenic therapies and had to have progression within 6 months before study enrollment and Karnofsky performance status (KPS) of at least 70 at study entry. Additional eligibility criteria were reported previously (2) . Analyses are based on data collected with the use of a case report form.
Endpoints and assessments
The primary endpoint was OS, defined as time from randomization to death. The key secondary endpoints were investigator-assessed ORR, defined as the number of patients with complete response or partial response divided by the number of randomized patients, and progression-free survival (PFS). Disease assessments (per Response Evaluation Criteria in Solid Tumors [RECIST] v1.1) (8) were performed using computed tomography or magnetic resonance imaging at baseline and every 8 weeks after randomization for the first year, then every 12 weeks until progression or treatment discontinuation. Safety was assessed at each clinic visit. Quality of life was assessed using the Functional Assessment of Cancer Therapy Kidney Symptom Index-Disease-Related Symptoms (FKSI-DRS) scoring algorithm (9) . The questionnaire consisted of nine symptom-specific questions, as previously reported (10) . The summary score ranged from 0 to 36, with 36 as the best possible score (9, 10) . A change of at least 2 points was considered a clinically meaningful change.
Study oversight
This study was approved by the institutional review board or independent ethics committee at each center and conducted in accordance with Good Clinical Practice guidelines defined by the International Conference on Harmonisation. All patients provided written informed consent to participate based on the principles of the Declaration of Helsinki.
Statistical analyses
OS, PFS and duration of response were estimated using KaplanMeier methodology. OS medians and corresponding 95% CIs were determined using Brookmeyer and Crowley methodology (11) . 95% CIs were constructed using log-log transformation. A stratified logrank test was performed for the global population only. Hazard ratios and CIs were obtained for OS and PFS for nivolumab versus everolimus by fitting an unstratified Cox model (stratified for the global population with the group variable as a single covariate). ORRs and the corresponding 95% CIs were based on the Clopper and Pearson method (12) .
Results
Patients
Of the 410 and 411 patients who were randomized to nivolumab and everolimus, respectively (hereafter referred to as the global population), 96 and 98, respectively, were stratified by the 'rest of the world' region, which included Japan. Thirty-seven of 410 patients (9%) and 26 of 411 patients (6%), respectively, were Japanese (hereafter referred to as the Japanese population). All Japanese patients who were randomized received treatment. Demographic and baseline characteristics of the global and Japanese populations were generally similar, except that a higher proportion of Japanese patients overall had baseline KPS of 100, and lower proportions of Japanese patients in the everolimus arm had ≥2 sites of metastases, liver metastases, and PD-1 ligand 1 (PD-L1) expression ≥1% ( Table 1 . At a minimum of 26 and 28 months of follow-up for the global and Japanese populations, respectively (median follow-up: 33.6 and 33.2 months), 11% of the global population and 16% of the Japanese population continued to receive treatment with nivolumab (2% and 4% in the everolimus arm, respectively). The primary reason for discontinuation was disease progression with nivolumab or everolimus in both the global (74% versus 72%, respectively) and Japanese populations (62% versus 65%, respectively).
Efficacy
Median OS for the global population was 26.0 months with nivolumab and 19.7 months with everolimus (hazard ratio 0.73 [95% CI: 0.61-0.88]; P = 0.0006; Fig. 1 ). Median OS for the Japanese population was not reached for both arms (hazard ratio 1.05 [95% CI: 0.48-2.30]; Fig. 1 ). ORR was higher with nivolumab than with everolimus for both the global and Japanese populations (global: 26% versus 5%, respectively; odds ratio 6.13; 95% CI: 3.77-9.95; Japanese: 43% versus 8%; odds ratio 9.14; 95% CI: 1.76-88.33; Table 2 ). Lower proportions of patients in both arms in the Japanese population had a best response of progressive disease compared with the global population ( Table 2) . Median time to response in the global population was 3.5 months (range, 1.4-24.8) with nivolumab and 3.7 months (range, 1.5-11.2) with everolimus (2) . Median time to response in Japanese patients was 3.3 months (range, 1.9-9.2) with nivolumab and 2.7 months (range, 1.9-3.5) with everolimus ( Fig. 2) . Median duration of response for the global population was 12.0 months (95% CI: 9.1-18.2) with nivolumab and 12.0 months with everolimus (95% CI: 6.4-21.7). Median duration of response in Japanese patients was 13.4 months (95% CI: 2.2-25.8) with nivolumab and was not reached for everolimus (95% CI: 12.0-not reached) (Fig. 2) . Among patients from the global population who responded to treatment, 30 of 105 (29%) in the nivolumab arm and 3 of 22 (14%) in the everolimus arm had an ongoing response. In Japanese patients, 3 of 16 (19%) and 1 of 2 (50%) patients, respectively, had an ongoing response. Responses were durable with nivolumab in Japanese patients, as shown in Fig. 3 . Median PFS for the global population was 4.6 months with nivolumab and 4.4 months with everolimus (hazard ratio 0.88 [95% CI: 0.75-1.03]; 14-month minimum follow-up), as previously published (2). Median PFS was 5.6 and 9.4 months, respectively, for the Japanese population (hazard ratio 1.04 [95% CI: 0.59-1.82]; current analysis with 28-month minimum follow-up).
Safety
In the Japanese population, any-grade treatment-related AEs occurred in 78% of patients treated with nivolumab and 100% of Three patients in the nivolumab arm from the global population had >2 prior anti-angiogenic therapies.
patients treated with everolimus (Table 3) . Results were similar in the global population (79% versus 88%, respectively). The most common treatment-related AEs in Japanese patients treated with nivolumab was diarrhea (19%) and the most common with everolimus was stomatitis (77%) ( Table 3 ). The most common treatmentrelated AE in the global population was fatigue for both nivolumab and everolimus (34% versus 34%). Grade 3 or 4 treatment-related AEs occurred in 19% of Japanese patients treated with nivolumab and 58% of Japanese patients treated with everolimus ( Table 3) . The most common Grade 3 or 4 treatment-related AEs in Japanese patients treated with nivolumab was anemia (5%) and with everolimus was hypertriglyceridemia (12%). Grade 3 or 4 treatmentrelated AEs were experienced by 20% versus 37% of patients in the global population, respectively. The most common in the global population were fatigue (2%) and anemia (2%) with nivolumab and anemia (9%) with everolimus. Any-grade treatment-related AEs leading to discontinuation were observed in 16% (Grade 3 or 4, 3%) and 23% (Grade 3 or 4, 12%) of Japanese patients in the nivolumab and everolimus arms, respectively. Among Japanese patients, 15 (41%) and 11 (42%) died in the nivolumab and everolimus arms, respectively; no treatment-related deaths occurred in either arm. Among the global population, no treatment-related deaths were reported with nivolumab and two deaths were reported with everolimus. Treatment-related select AEs with immune etiology for nivolumab versus everolimus in Japanese patients were observed as follows: endocrine (5% versus 0%), hepatic (22% versus 31%), skin (22% versus 69%), gastrointestinal (19% versus 12%), renal (3% versus 15%) and pulmonary (5% versus 46%). While on nivolumab and everolimus, 51% and 81% of Japanese patients, respectively, received immune-modulating therapy. Dermatological corticosteroids were administered to 46% and 73% of Japanese patients in the nivolumab and everolimus arms, respectively; systemic corticosteroids were administered to 19% and 35% of Japanese patients. 
Quality of life
Among Japanese patients, the FKSI-DRS quality-of-life survey completion rate exceeded 90% through 1 year of the study, with exception of weeks 8 (76%) and 36 (83%) in the everolimus arm (similar to the global population completion rate, as previously reported (2)). The median FKSI-DRS score at baseline was 34.0 in the nivolumab arm and 33.5 in the everolimus arm, higher than the median for the global population (31.0 for both arms, as previously reported (2)). The mean change in scores for the FKSI-DRS, assessed every 4 weeks, were generally equal to or slightly exceeded baseline values at every assessment in the nivolumab arm (Fig. 4) . Scores in the everolimus arm were lower at every assessment with 5 assessments at least 2 points below baseline, considered a meaningful change in score (Fig. 4) 1 year for the global population, as previously reported (2), except in the global population the decrease in scores with everolimus were not as striking (2, 10) .
Subsequent therapy
In all, 25 (68%) and 21 (81%) Japanese patients received subsequent systemic therapy after nivolumab and everolimus, respectively. The most common subsequent systemic therapy was axitinib for both arms (15/37 [41%] in the nivolumab arm; 13/26 [50%] in the everolimus arm). The median time from randomization to subsequent therapy in Japanese patients was 13.6 months (95% CI: 9.8-30.2) and 11.3 months (95% CI: 6.0-16.2) in the nivolumab and everolimus arms, respectively.
In the global population, 251 (61%) and 274 (67%) patients received subsequent systemic therapy after nivolumab and everolimus, respectively. The most common subsequent systemic therapy in the nivolumab arm was everolimus (129/410 [31%]) and in the everolimus arm was axitinib (162/411 [39%]). The median time from randomization to subsequent therapy was 12.4 months (95% CI: 10.3-13.2) and 8.0 months (95% CI: 7.0-9.6) in the nivolumab and everolimus arms, respectively. 
AEs, adverse events. 
Discussion
CheckMate 025 continued to demonstrate superior OS and higher ORR with nivolumab versus everolimus in the global study population, with more than 2 years of follow-up. OS was higher with nivolumab in the Japanese population than in the global population and was similar between nivolumab and everolimus in Japanese patients, with medians not reached. The higher KPS and differences in prior and potentially subsequent therapies in Japanese patients compared with the global population may have contributed to this result. Importantly, the small sample size in the Japanese population limits interpretation of OS. Additionally, the imbalance in prognostic factors at baseline between nivolumab and everolimus arms in Japanese patients, such as fewer patients with ≥1% PD-L1 expression, >2 sites of metastases and liver metastases in the everolimus arm, may have contributed to the similar OS noted in both arms. Consistent with the global study findings at 14 months, ORR was higher for nivolumab versus everolimus in the Japanese population. ORR was substantially higher for nivolumab in the Japanese population than for the global population and the difference between arms was more notable in the Japanese population. Differences in prior therapies and the higher baseline KPS in Japanese patients versus the global population may have contributed to this result as well.
In previous studies of targeted therapies, the safety profile has in some cases differed in Japanese patients compared with Western patients (13) (14) (15) . An understanding of whether differences are observed in Japanese patients -a historically under-represented population in clinical trials -and what these differences are may improve management of AEs, which in turn may improve overall outcomes in these patients. In the current study, safety in Japanese patients was generally consistent with the global population, with the exception of decreased incidence of Grade 3 or 4 treatmentrelated AEs with nivolumab in Japanese patients and increased incidence of Grade 3 or 4 treatment-related AEs with everolimus. Consistent with prior reports, the incidence of treatment-related AEs with nivolumab was lower than with everolimus, including treatment-related select AEs with immune-mediated etiology, except for endocrine and gastrointestinal AEs. Incidence of stomatitis was higher in Japanese patients in both arms compared with previous reports from the global population in this study (2) and consistent with an independent study of everolimus in Japanese and nonJapanese patients (16) . In the everolimus arm but not the nivolumab arm, incidence of rash, thrombocytopenia and proteinuria was high in Japanese patients, a result also observed in studies of axitinib and everolimus (16, 17) . Quality of life among Japanese patients was assessed only through 1 year, given the small sample size in the second year of the study. Compared with the global population, Japanese patients overall had higher baseline FKSI-DRS quality of life scores and modest improvement with nivolumab, not surprising given that the baseline score was only 2 points lower than the best possible score. Conversely, the decrease in quality of life over time with everolimus was more pronounced compared with the global population (2,10).
To our knowledge, this is the first report of an analysis of Japanese patients treated with nivolumab for RCC. A number of large global trials in recent years have performed subgroup analyses of efficacy and/or safety of TKIs and mTOR inhibitors in Japanese patients (16, (18) (19) (20) (21) . Notably, improved efficacy in Japanese patients compared with the global population was seen in most studies, although Japanese patients generally had more favorable baseline disease characteristics, as was the case in this study (16, (18) (19) (20) (21) . Randomization and stratification of Japanese patients specifically, not as part of a larger group, may help to circumvent this issue. In Japanese patients with metastatic RCC treated with sunitinib, there was a trend in greater antitumor activity and higher incidence of hematological AEs compared with historical results observed in Caucasian patients (20) . In a Phase III study that compared pazopanib and sunitinib in treatment-naïve patients, PFS was similar among Asian, North American and European populations, with varying incidence of some AEs across groups (21) . In a small Japanese subgroup analysis from the Phase III RECORD-1 study of everolimus versus placebo in previously treated patients with metastatic RCC, Japanese patients experienced similar or better efficacy than the overall study population with similar types and higher incidences of AEs (16) . In Phase II and III studies of axitinib in patients with RCC, efficacy with axitinib, particularly in patients with prior cytokine therapy, was higher in Japanese patients compared with the global population, though Japanese patients had more favorable baseline disease characteristics than non-Japanese patients and much higher rates of cytokine pretreatment (18, 19) .
There are several limitations to this analysis. The small sample size of Japanese patients and the different sample size between arms due to stratification as part of a larger regional group (that included non-Japanese patients) may have affected outcomes. Additionally, there is an unknown effect of prior therapies on the efficacy of nivolumab. Japanese patients are often treated with different therapies than are Western patients, so comparisons with the global CheckMate 025 population should be made with caution. In a retrospective analysis of 110 Japanese patients treated with sorafenib, those who had previous cytokine treatment had significantly higher OS (P = 0.002) and PFS (P = 0.017) than did patients without prior cytokine treatment (22) .
The results from this study support the recent approval of nivolumab for previously treated patients in Japan. A multinational study examining the combination of nivolumab with ipilimumab in first-line RCC is ongoing and includes Japanese patients (CheckMate 214). Given that Asian patients with RCC have, in some cases, had different outcomes than patients in Western countries, future global studies should include additional Asian patients and include univariate and multivariate analyses of potential predictive factors to better examine the efficacy and safety of novel therapies in this patient population.
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